Objective. Whether chronic hypoxia attenuates myocardial ischemia-reperfusion injury remains controversial because confl icting data have been reported probably due to the existence of many factors infl uencing the functional recovery of hearts. These factors include the differences of species, the time at which hypoxia begins, the degree of hypoxia, and so on. Regarding chronic hypoxia from birth, so far the only available data are based on fi ndings in rabbit hearts. The purpose of this study was to describe the effect of chronic hypoxia from birth on myocardial reperfusion injury in the rat heart. Methods. Normoxic hearts were obtained from rats housed in ambient air for 6 weeks (normoxic group); hypoxic hearts were obtained from rats housed in a hypoxic chamber (13%-14% oxygen) from birth for 6 weeks (hypoxic group). Isolated, crystalloid perfused working hearts were subjected to 30 min of global normothermic ischemia followed by 15 min of reperfusion; functional recovery was then measured in the two groups. The excretion of cyclic guanosine monophosphate (cGMP) in the coronary drainage was measured at the end of the preischemia and reperfusion periods. Results. The percent recovery of the left ventricular developed pressure and the fi rst derivative of left ventricular pressure were signifi cantly better in the hypoxic group than in the normoxic group. cGMP excretion in the coronary drainage was signifi cantly increased during both the preischemia and reperfusion periods. Conclusion. Chronic hypoxia from birth increased myocardial tolerance to ischemia-reperfusion injury with increased cGMP synthesis in the isolated heart model in rats.
Introduction
The cardioprotective effect of chronic hypoxia has been long anticipated. In past studies, acquired chronic hypoxia has been reported to limit myocardial infarction after ligation of the coronary artery.
1,2 In addition, Tajima et al. demonstrated that adult rats housed in a chronic hypoxic environment had increased myocardial functional recovery after a subsequent 15 min of normothermic global ischemia with using an isolated rat heart. 3 On the other hand, there have also been reports with opposite opinions, which described the detrimental effect of acquired chronic hypoxia on the recovery of left ventricular (LV) function after normothermic global ischemia using an isolated rat heart model 4 or in a canine cardiopulmonary bypass (CPB) model.
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On the other hand, regarding congenital chronic hypoxia (chronic hypoxia from birth), the main pathophysiological feature of cyanotic congenital heart defects, the Wisconsin group in the United States has reported on the cardioprotective effects of chronic hypoxia from birth since 1995. They demonstrated the adaptation to chronic hypoxia from birth to increase the myocardial tolerance against ischemia-reperfusion injury using an isolated rabbit heart model. 6 In addition, they elucidated that chronic hypoxia from birth increased basal myocardial nitric oxide production by activation of constitutive nitric oxide synthase. 7, 8 They also found that endogenous nitric oxide plays a positive role in the increased ischemic tolerance of chronically hypoxic hearts by a mechanism that involves activation of soluble guanylyl cyclase, accumulation of cyclic guanosine monophosphate (cGMP), 9 the possible activation of cGMP-dependent protein kinase, and phosphorylation of adenosine triphosphate (ATP)-sensitive potassium (K ATP ) channel. 10, 11 They clearly demonstrated the mechanism of the cardioprotective effect of congenital chronic hypoxia. A problem is that these studies were performed using only the rabbit heart.
As mentioned above, there are many confl icting data regarding the effect of chronic hypoxia on myocardial ischemia-reperfusion injury probably due to many factors. Some of the factors are the differences of species, the time at which the hypoxia begins (when the animals begin to be subjected to hypoxia), the duration of hypoxia, the degree of hypoxia, and the methods for creating hypoxic animals. In particular, differences of species tend to pose major problems for researchers. Baker et al. reported that each species of animals may have its own metabolic responses to hypoxia. 12 We strongly believe that the question of whether differences of species exist should be elucidated to improve the design of future studies.
Although the rat is one of the most commonly used animals for research, so far no data are available regarding the effect of congenital chronic hypoxia on ischemiareperfusion injury of the rat heart. It would therefore be benefi cial to demonstrate the impact of chronic hypoxia from birth on a myocardial ischemia-reperfusion injury in the rat heart to improve the design of future studies in this fi eld. The purpose of this study was to verify whether chronic hypoxia from birth attenuates myocardial reperfusion injury using an isolated rat heart model. In addition, to confi rm the involvement of the myocardial nitric oxide-cGMP-K ATP channel pathway, cGMP in the coronary effl uent was measured because this parameter has been demonstrated to refl ect myocardial cGMP.
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Methods
Congenital hypoxic rat heart model Twenty male Sprague-Dawley rats were used. They were treated in compliance with the Principles of Laboratory Animal Care established by the National Society for Medical Research and the Guide for the Care and Use of Laboratory Animals prepared by the Institute of Laboratory Animal Resources and published by the National Institute of Health (NIH publication 86-23, revised 1985) . The rats were divided randomly into normoxic and hypoxic (chronic hypoxia from birth) groups (each group had six rats). The rats were entered into this study at 1 day of age. The rats in the hypoxic group were housed in a normobaric, hypoxic chamber (13%-14% oxygen) for 6 weeks from birth, whereas the rats in the normoxic group were housed in ambient air for the same period.
A previously described normobaric, hypoxic chamber 14 was modifi ed for use in the present study. The oxygen and carbon dioxide concentrations within the chamber were continuously monitored using a gas analyzer (ML206; ADInstruments, Sydney, Australia) and commercially available software (PowerLab; ADInstruments, Sydney, Australia) and were maintained at 13%-14% and <0.4%, respectively. The humidity within the hypoxic chamber was maintained at <75%, and the temperature was maintained at 23°-27°C with continuous monitoring using a hygrothermometer (TRH-7X; Shinyei, Kobe, Japan). All the normoxic and hypoxic rats were kept in the same room under the same lightdark cycle. Rat chow and tap water were provided ad libitum.
Isolated perfused rat heart
We modifi ed and used an isolated, perfused, rat heart apparatus that was previously described by Hearse and associates. 15 This circuit was designed to work in two interconvertible perfusion conditions: the Langendorff and working modes. In the former mode, the hearts were perfused through the aorta at a pressure of 80 cmH 2 O and continued to beat without external work. In the latter mode, the hearts were perfused in the same fashion but beat with external work. The hearts were not paced. The coronary effl uent was discarded. The perfusate was a modifi ed Krebs-Henseleit bicarbonate buffer that was composed of the following (in mmol/l): sodium chloride, 118.0; sodium bicarbonate, 25.0; calcium chloride, 2.5; magnesium sulfate, 1.2; potassium chloride, 4.7; potassium dihydrogen phosphate, 1.2; glucose, 11; power of potency, 7.4. The perfusate was bubbled with 95% oxygen and 5% carbon dioxide gas at 38.0°C to maintain the aortic partial pressure of oxygen >400 mmHg. It was fi ltered through a cellulose acetate membrane (pore size 0.45 μm) to remove any particulate contaminants.
14 Figure 1 shows the schema of the Langendorff apparatus employed in this study.
